Background-Abusive abdominal trauma may be difficult to diagnose, and even serious abdominal injury may be missed. Screening for occult abdominal trauma (OAT) has been recommended by child abuse experts. However, it is unclear how often screening occurs, and what factors are associated with screening.
Introduction
Abusive abdominal trauma is the second leading cause of death among physically abused children, and may lead to significant morbidity among survivors. 1, 2 However, it may be difficult to diagnose and therefore even serious abdominal trauma may be missed.
In 1992, Coant and colleagues described a series of physically abused children who were screened for occult abdominal trauma by measuring transaminases and pancreatic enzymes. 3 Of the 49 children screened, four had elevated transaminases, and three of the four had occult liver lacerations diagnosed by abdominal CT. Influenced in part by Coant's findings, physicians evaluating children for suspected physical abuse increasingly began to screen children for occult abdominal trauma. Child abuse experts began recommending OAT screening, including a recommendation in an AAP policy statement on the evaluation of fractures suspicious for physical abuse. [4] [5] [6] Ludwig, in a review of visceral injury in abuse, provided a strong justification for OAT screening. He described that abdominal injury may be overlooked due to young children's limited verbal skills, delayed symptoms, low abdominal muscle tone and limited bruising, and physician focus on other, more overt injuries. 4 Thus, he argued that even serious abdominal trauma may be overlooked.
Children with abusive abdominal injury appear to have higher mortality rates than children with similar severity, non-abusive injuries,7 and diagnostic delay may contribute to poor outcomes. 8 -12 In addition, delayed diagnosis of abusive abdominal injury may delay reporting to Child Protective Services (CPS) and police if other injuries are not clearly abusive. When the etiology of an injury is ambiguous, the presence of associated injury can help clarify the etiology as abuse. This, in turn, can lead to life-saving interventions, such as placing the child in a safe home environment.
Although child abuse experts have recommended OAT screening in children with suspected abuse,4 -6 screening for OAT still appears to be sporadic. Further, the low incidence of overt abusive abdominal trauma (3 cases per million children) identified in a recent study has raised the question about whether the 6-8% rate of OAT in Coant's study is generalizable to other populations of children. 13 This retrospective study was therefore conducted in order to examine the rate of OAT among children with suspected physical abuse. A second objective was to identify characteristics of the child and family and the medical assessment that were associated with screening practice. Based on the epidemiology of other abusive injuries, we hypothesized that screening would occur more often among children who were young, minority, insured by Medicaid, and had more severe injuries. We also hypothesized that screening would occur less often when the emergency department was busy, and when subspecialty consultation was not provided.
Methods
Prior to initiating this research, the protocol was submitted to our Institutional Review Board and received an exemption from full IRB review. All medical records from the University of Maryland Medical Center were searched to identify children aged 0-5 years seen in the pediatric emergency department (ED) and diagnosed with definite or possible physical abuse, but without suggestion of abdominal trauma, between January 1, 1997 and December 31, 2005. Abusive injuries primarily included bruising, abrasions, burns, falls, fractures, and/or head trauma. Children were identified using International Classification of Disease version 9 (ICD-9) codes and External Cause of Injury (E)-codes for child abuse (ICD-9 code of 995.5 and E-code of 960-969).
In order to capture physically abused children who were not given child abuse diagnostic codes, all charts of children seen in the ED for injuries were also reviewed. If the ICD-9 code, E-code, or clinical diagnosis did not clearly indicate whether the injury was abusive vs. non-inflicted, the record was reviewed by at least one investigator to clarify the nature of the injury. Charts with any notation of reporting to Child Protective Services for suspected physical abuse were added to the sample. Children with a history and/or physical exam suggestive of abdominal trauma, regardless of etiology, were excluded. Also excluded were children who died in the ED, as an autopsy would obviate the need to screen for occult abdominal trauma.
Identified charts were reviewed to determine whether screening for occult abdominal trauma was conducted, and if so, the specific tests performed and the results of those tests. Additional data included all injuries, the history and symptoms at presentation, any studies obtained (e.g., skeletal survey and head CT, abdominal CT or ultrasound), and subspecialist consultations. The status of the ED attending (faculty or moonlighter) was noted, as was the time of day and year that the child presented. Demographic information, including age, race/ethnicity, sex, and insurance status was also collected.
OAT screening tests reviewed included liver transaminases (ALT and AST), pancreatic enzymes (amylase and lipase), urine for occult blood (dipstick and microscopic analysis), as well as stool for occult blood. Screening was considered to have occurred if at least one screening test was performed. So as not to miss any positive screening tests, we established somewhat low threshold values for positive screening tests. Tests considered positive included any ALT ≥70 IU/L, AST 80 ≥IU/L, amylase 90 ≥IU/L, lipase ≥50 IU/L, urine dipstick with ≥ 3+ blood, urine microscopic analysis with ≥ 20 red blood cells per high powered field, or a hemoccult positive stool.
Charts of children with positive OAT screening were examined to determine whether any additional testing (e.g. abdominal CT or ultrasound) had been performed to confirm or exclude abdominal trauma. Results of these tests were recorded.
Year of presentation was dichotomized into 1997-2001 and 2002-2005, as there was a large jump in the rate of screening between 2001 and 2002. Presentation time was dichotomized into evening presentation (4 -11 pm) and non-evening presentation (all other times) as 4-11 pm is often the busiest time in the ED.
Data Analysis
OAT screening was the primary dependent variable, and was dichotomous -screening occurred if at least one screening test had been performed. Characteristics of the sample were described using means, medians, frequencies and proportions. Bivariate analyses included ttests and chi-square tests, with Mann-Whitney U tests used for non-normal continuous variables.
Logistic regression was used for multivariate analysis to identify factors predictive of OAT screening. Independent variables included in the multivariate analysis were those that were significant in bivariate analyses. For multivariate analysis, a variable for subspecialty consultation was created and considered positive if any subspecialist (other than the Child Protection Team) had provided consultation. Child Protection Team (CPT) consultation was retained as a variable as we were interested in the specific effect of CPT consultation. Significant associations were identified between types of injuries (e.g. AHT and fractures), between injuries and CPT or other consultations, and between CPT and other consultations. Therefore separate models were developed for each injury variable and each consultation variable. Models were validated using the technique of Hosmer and Lemeshow. 14 
Results
A total of 244 children presented to the ED with possible abusive injuries during the time frame of the study. Of these, 65% were male, 42% were less than 1 year of age, 81% were African-American, and 87% were insured by Medicaid ( Table 1 ). Half of the children (n=122) presented with bruises, although 30% of those also had other injuries. Seventy children presented with fractures, and 5% presented with probable abusive head trauma. Twenty percent of caregivers had no explanation for their child's injuries.
Approximately 20% (n=51) of children had at least one screening test for OAT performed ( Table 1 and Figure) . While 21 of the 51 children who were screened had positive screening tests, only 9 had confirmatory testing by abdominal CT and/or ultrasound. Five children (10% of those screened, 2% of the full sample) had injuries identified on abdominal CT and/or ultrasound; specific finding shown in Table 2 . Among children aged 12-23 months, 5% of the total sample had injuries identified on abdominal imaging. Imaging findings often did not clearly indicate trauma, and several identified injuries were unrelated to the positive screening tests ( Table 2 ). Possible splenic trauma was identified in two children, while an adrenal hemorrhage and possible lung contusion were found in two other children. Of the 5 children with ALT >250 IU/L and/or AST >450 IU/L, four had evidence of intra-abdominal injury on CT or ultrasound, and 3 others had evidence of liver injury, providing positive predictive values of 60-80%.
Twelve children with positive screening tests did not have evaluation by CT or ultrasound. Eight of the twelve had only mildly elevated transaminases or lipase (ALT≤120, AST<130, and/or lipase ≤ 80). One child with significantly elevated transaminases and 3+ blood on urine dipstick had anoxic brain injury. Three additional children had microscopic hematuria -two of these children had specimens collected via urine bag. The method of collection for the third child was not documented in the chart.
Occurrence of OAT screening was not associated with most of the demographic variables examined, including race, gender, and insurance status. However, children <18 months of age were less likely to be screened compared to older children (11% vs. 30% screened, p<0.01). Children presenting in the evening, between 4 and 11 p.m., were screened less often than children presenting at other times of the day (10% vs. 25% screened, p<0.01).
Consultation from the CPT, surgery, neurosurgery, or ophthalmology all increased the likelihood of OAT screening. Children who had a skeletal survey or head CT performed were more likely to receive OAT screening than those who did not have these radiologic tests. Screening occurred more frequently after 2001 compared to before (39% vs. 14%, p<0.01).
On multivariate analysis, several variables predicted OAT screening ( 
Discussion
Of the 244 children with likely abusive injuries in our study, 51 (21%) were screened for OAT, and 21 had one or more positive screening tests for OAT. This represents 41% of all children screened and at least 9% of all children with abusive injuries. These are conservative estimates assuming that no OAT was present among those children who were not screened. Our rate of 9% is similar to findings in other studies. For example, Coant found positive screens in 8% of children with suspected child abuse, and Isaacman examined children with non-inflicted trauma and found occult abdominal injury in 6%. 3, 15 OAT is therefore hardly rare in the context of possible physical abuse.
When examining the rate of occult injury confirmed by abdominal CT or ultrasound, we found that 10% of children screened had OAT, accounting for 2% of all children with physical abuse and 5% of toddlers. These rates are comparable to those of other studies of children with both inflicted (6%) and non-inflicted (4.8%) trauma. 3, 15 Our findings indicate that at a minimum, 2 of every 100 children under 5 years of age presenting with possibly abusive injuries also have occult abdominal injury, and 1 in 20 toddlers may have occult abdominal injury.
For a number of reasons, our rates of occult abdominal trauma can only be considered estimates. First, our data and that of other researchers suggest that abdominal ultrasound and CT are not true gold standards, and may miss some abdominal injuries. Even if the radiologic testing were considered the gold standard, the majority of children did not have ultrasound or abdominal CT performed. Therefore, the sensitivity and specificity of the laboratory tests could not be determined. Further, some of the children with abnormal screening tests did not have radiologic testing; therefore, we were unable to confirm the presence of abdominal injury. While most children in this group had only mildly elevated laboratory results, this does not eliminate the possibility of abdominal injury. The utility of both screening and diagnostic tests varied according to the abdominal organ of interest, as discussed below.
While several authors have found liver transaminases to be an accurate predictor of hepatic injury, [15] [16] [17] [18] with sensitivity of 93-100%, and specificity of 53-100%, a more recent publication indicated a much lower sensitivity of only 53%. 19 Although we could not calculate sensitivity or specificity, we did find these screening tests to have reasonable predictive value. Our positive predictive value of 60-80% is higher than that of 43% in Isaacman's study. 15 While we did not find any obvious liver lacerations, findings such as ascites surrounding the liver, and coarse echogenicity of the liver are strongly suggestive of trauma, particularly in the context of elevated transaminases. 20 Our high positive predictive value supports the recommendation to perform screening in children being evaluated for suspected physical abuse.
While three children had markedly elevated pancreatic enzymes, and all had CT or ultrasound performed, we did not find any obvious pancreatic lacerations. This finding might be construed as pancreatic enzymes not being predictive of pancreatic injury. However, other studies indicate that identification of pancreatic trauma by CT may be particularly difficult. [21] [22] [23] Therefore, it is likely that some pancreatic injuries were present despite negative CT scans. This finding suggests that our estimates of OAT may be higher than our conservative estimate of 2% noted above.
We had hoped that stool Hemoccult would adequately screen for intestinal injury. Unfortunately, testing was only performed in two children, making it impossible to assess its utility. Given the possibility of bowel trauma, it seems prudent to perform this easy screen although its sensitivity in other studies ranged only from 25-60%. 24, 25 Results from several previous studies indicated that hematuria might also be an accurate predictor of renal injury. 15, [26] [27] [28] Unfortunately, the three children identified with hematuria did not have radiologic testing to evaluate for possible renal or bladder injury. Optimal practice should include further evaluation. Given the ease and low cost of these two tests, it appears reasonable to include them in screening children with suspected physical abuse.
Several children in our study had traumatic injuries such as a lung contusion and splenic trauma that could not have been identified through any specific screening test. These findings indicate that many children with abusive injuries may also have occult injuries that cannot be identified through non-invasive screening tests. The decision to search for such occult injury must therefore balance the risks of missing an injury, (e.g. bleeding, sepsis, death, return to an abusive caregiver) with the risks of radiation, sedation, and oral contrast required for abdominal CT, as well as the cost of CT or ultrasound.
We did not identify disparities in OAT screening by race, gender or insurance status, findings that were reassuring given previous studies demonstrating differential screening for abusive head trauma and occult skeletal injury by race, 29, 30 and differences in diagnosis of abuse by social class. 31 However, limited racial and socioeconomic variability in our sample made it difficult to examine differences.
We expected rates of screening to be higher for more severe injuries such as fractures and abusive head trauma. This was the case for the most part in our bivariate analyses. However, only abusive head trauma remained a predictor of screening in our multivariate analysis. It is likely that physicians considered abusive head trauma to be a more severe form of abuse than the other abusive injuries.
Subspecialty input clearly played a role in the decision to perform OAT screening. This may have reflected the severity of children's injuries; children with more severe injuries were more likely to have subspecialty and CPT consultation, and were more likely to be screened because of the severity of injury. However, it may also be because subspecialists were more aware of the possibility of occult abdominal injury compared to the emergency department physicians. Screening occurred less often during peak ED hours (4-11 p.m.). This finding suggests that physicians screen more often when they have more time to think about patient evaluation and management, and forget to screen when they are busy. Development of management pathways or computerized order templates could prompt physicians to screen when they might otherwise forget.
There were a number of limitations to this study. As it was a retrospective chart review, we could not guarantee that children would be screened for OAT, nor that children with positive screens would have a CT or ultrasound performed. Therefore, it is probable that some children with OAT were missed. This was a particular problem for the 3 children with hematuria who did not have abdominal imaging, as several studies have shown that hematuria is a good marker for intra-abdominal trauma among children with non-inflicted injury. 15, [26] [27] [28] We have therefore presented conservative estimates of the percentage of positive screens, assuming that none of the unscreened children had OAT, and noting the minimum percentage of children with OAT. Even with these conservative estimates, the proportion of physically abused children with OAT is high enough to warrant screening, at least for children under 3 years of age.
A second limitation was the small number of children with positive OAT screens and/or findings on abdominal CT or ultrasound. The low numbers precluded identifying factors associated with the presence of occult abdominal injury. Future prospective studies may better identify these factors, and provide more specific criteria for OAT screening.
The abdominal injuries in our study were not associated with significant morbidity. However, the presence of multiple injuries is potentially a marker for more serious abuse, with important implications for children's health and safety.
Conclusions and Implications
Our findings support Coant's recommendation for OAT screening with liver and pancreatic enzymes for physically abused children. Additional studies are needed to establish the utility of screening with urinalysis and stool Hemoccult. This study also supports the importance of subspecialty input, especially that of a child protection team, in the medical evaluation of suspected physical abuse. Although many identified injuries may not require treatment, their role in confirming abuse, or demonstrating the increased severity of maltreatment can play a critical role in protecting children from further abuse. Screening Procedure Table 4 Predictors of OAT Screening on Multivariable Analysis. Pediatrics. Author manuscript; available in PMC 2010 December 1.
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